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Abstract: In order to improve the flame retardancy of the rigid polyurethane foam, expandable graphite having different
particle sizes and expansion rates was added to synthesize a rigid polyurethane foam. Urethane and isocyanurate ring was
confirmed using fourier transform infrared spectroscopy (FTIR), and the heat resistance of the foam was analyzed using
thermogravimetric analysis (TGA). The effect of expandable graphite on the mechanical properties of polyurethane foam
was confirmed by measuring the compressive strength. The flame retardancy was analyzed through the UL94 V test,
limited oxygen index (LOI), and measurement of the weight loss due to combustion. Although expandable graphite did
not affect the compressive strength and heat resistance of polyurethane foam, in the flame retardant test, it was confirmed
that the volume of char produced increased as the particle size and expansion rate of expandable graphite increased. Thus
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the flame retardant performance was improved.

Keywords: polyurethane foam, expandable graphite, flame retardancy.

M B

18493 =U 9] Wurtz®} Hoffmano] o]AA|opd|o|E} &
2)29] vhe-g o83t fugke] S whagskla,! 19374
Otto Bayeroll ©Jall 272} shgt=<l Z2]9-dehPU)e] 44
Q1 o]-go] AL Fe e F2 AMeEE g
3} o] oo Bl w} A Zef-ee #3 Fd E1
e Fo2 RS F Q. AF ZdE F2 open
cell #X2Z o]Fofx] glom o dw g4, 5714 %

B9y 5o 54 zheth A Fe 2 AEA WA,

g

"To whom correspondence should be addressed.
ksb@kyonggi.ac.kr, ORC 0000-0001-6201-4078
©2023 The Polymer Society of Korea. All rights reserved.

540

78 FA R A, vER L Foll ARETEY HE F
2] -l E & closed cell 72Z ©o|FoA] lom o
HAEEL} 973 7|1A1A 737t 4ot 44 32 T2 1jo]
2z AR B, ASE R WAL ddA R de] RS
ot A e 2 e GIAso)A N 7 <
o] ol s A AaksleA(CO), AlelQEs4~(HCN)
o FA4 7kEE WEs] Wl ARgo] AgkE L e’
734 Z2]9-g ek &l polyisocyanurate(PIR) %25 =%
3to] PIR-PUR #2.2 7HdsHH £9] dAdS AZ &
AL PIRS o|2AJoRdo]E 38T Afsle] EAEE L
2] 7x9| sietEolth. He AFS 250-350 T F-2of|A]
Fal7F dojub= v PIR A3 400 T o] oA #3)j 7t
ot} WA PIR §Hgo] =575 ZEde & W

of EAISR: Je) Tx B3] Z71sk] I Aol Fke


https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0009-0006-0759-5547
https://orcid.org/0009-0006-0759-5547
https://orcid.org/0009-0006-0759-5547
https://orcid.org/0009-0006-0759-5547

BAEA] JA=] B R mE A Eeede Fo) 9l 541

th" NCO indexS 57141715l A8l Svi& 3d7ts)
T2E BwA @o] $HF$ PIR-PUR #2 AT 5 Uk
SPARE, PIR 7228] =QIREe R =4 7hAe] WSS e
AI71AL GA8E FATIE AL AT A

ZE9de 7 PN F2 AREE f71A FAE
S2AA L} A FAATE A EEAA GAA= G
o] S-FAN FAHEAE 2T 5 A7 WEel ARl
AR AL Ak QA dAAlE 71733 adelA sAll &
A BHE don 71elME o i Bl e
I3 Apgo] dojuaL AFolXE char F4de] ol &
011{‘}.1:]"15,16

335 (expandable graphite), aluminum hydroxide(ATH),
ammonium polyphosphate(APP), melamine cyanurate(MC)s
F71A dAAE F2 F7A ARt S el &
A Azl AT 27 ddAle SENSE F
g AR Aol R e aAE Bl 3l 29E o
o7G.2 F7A A T BFEAL BT Aol HSO,,
HNO; 59| 2h& F43 57 shgtaolvh Bdsde 7t
& Al shehE WollA Atsh-gkd wh-g-o] dojupA] Z]A| 7}
WA StaL S F97t S7veke] WAE chargol €Y
Shit G50 20 AQE chav} 7114 714 2 2k
£ Apdehs e st dALEAT LoD &
Jol S7tsle Axe AU Modesti= 278513 triethyl
phosphate(TEP)S 7}t PIR-PUR & $A5Ith. 2 2
I BAEAI TEPS] AUA] a3tz 18| kA4 (0n7t
FoHA AL & WE SEF faste] dAAo] e A
£ AT Lie vgSg 2719 BREAE Hriete] v
2 Eesde 2 Axs 7AE 24 9 ddgel v
e TS A8t ARESA] JA=VE ST
A= chare] 737} S7teto] Fo] diAol e
ATk SR, A 7] ool HE A AR cell
st 71A1A 22l ofshEa, SR A 7t
Haste] gl o] dAdAd 71odse s o] A5t
b mEbd I Al dAk=] R okyE sEl

& 94 A7 ddsto] Fo 71AA =4 B dAS
A FAS = Ae Al=H Jido] Zas)
M= dA=7] B BREC] S SIS A7t
PIR-PUR #& AZ3laL S99 dYr=A7]9 A& e
= 71AA =4 B ddAde] wstel dis 4 skt

tlo oy I

oo
e

2

=+

Table 1. Specifications of Expandable Graphite
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Figure 1. FTIR spectra of foams with expandable graphite.
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Figure 2. Thermogravimetric analysis of foams with expandable
graphite.
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Table 2. Thermogravimetric Analysis of Foams with Expandable Graphite

Sample Neat A300 B180 B300 C180 €280 €300
Tyeoms (C) 267 272 277 273 273 262 276
To-s (C) 416 415 416 402 399 391 400
Wr-sooc (%) 41.1 43.1 423 417 417 40.5 414
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Table 3. Result of UL94 Vertical Test of Foams with Expandable Graphite

Sample neat A300 B180 B300 C180 C280 C300
UL94 grade V-0 V-0 V-0 V-0 V-0 V-0 V-0
weight loss (%) 12.9 7.45 7.89 6.85 8.61 6.97 6.44
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Figure 6. LOI result according to type of expandable graphite.
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